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INTRODUCTION 
Cholesterol has been shown to be a factor in the atherosclerosis-
cardiac complex in studies of cholesterol metabolism during the past 
30 years. Since circulatory system disorders resulting from athero­
sclerosis, thrombi, or emboli are one of the greater dangers to human 
health, hundreds of studies have been conducted attempting to find ways 
of eliminating or reducing the danger of circulatory disorders. 
Many cholesterol metabolism studies cannot be done with the human 
body, or if they can be performed with the human, the study is less 
efficient. Some experiments require the sacrificing of the subject, 
followed by post mortem examination of the heart and aortas. In other 
experiments, the hereditary background, age and environment can be kept 
more nearly constant when experimental animals are used. 
The chicken is a popular subject for atherosclerosis experiments since 
the spontaneous atherosclerotic plaques formed are very similar to those 
found in the human. In addition, the chicken is a fast-growing experimental 
animal that is easy to handle and to subject to the many experimental 
measures that may be desirable. 
Many studies have been conducted measuring the effect of dietary 
factors on blood cholesterol. Fewer studies have attempted to correlate 
blood cholesterol and blood pressure; however, the common assumption is 
that these factors are. closely related. Recent studies have shown that, 
in experimental animals, induced hypertension results in increased blood 
cholesterol and/or increased atheroma. 
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For the purpose of this study it was thought that an increase in blood 
cholesterol for a long period of time resulting in increased atheroma might 
lead to increased blood pressure. Instead of measuring dietary effects 
on blood cholesterol in one study and applying the relationship of blood 
cholesterol to hypertension found in another study, a study of dietary 
effects on blood pressure should give a better understanding of this 
problem. 
The objectives of the present work were; (l) To study the effects of 
dietary cholesterol and fats on serum cholesterol and blood pressure and 
(2) to study the effects of diet restriction on serum cholesterol and blood 
pressure. 
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REVIEW OF LITERATURE 
Cholesterol Metabolism and Blood Pressure Studies 
General cholesterol metabolism 
The cholesterol cycle for the human has been postulated by Roels 
and Hashim (1962) as follows : (1) Both dietary and endogenous cholesterol 
are absorbed from the upper jejunum. Cholesterol esters must be hydrolyzed 
prior to absorption. (2) Free cholesterol enters the mucosal cells where 
it is largely re-esterified and then enters the lacteals. (3) Cholesterol 
is discharged into the blood by the thoracic duct. (4) The liver synthesizes 
endogenous cholesterol. Some of the cholesterol may be broken down to bile 
acids. These bile acids, some unchanged cholesterol and other sterols are 
excreted with other lipids through the common bile duct into the gut. 
(5) Cholesterol and its metabolites may undergo changes by microorganisms 
in the intestinal lumen. (6) Some cholesterol, neutral sterols, and bile 
acids are reabsorbed from the upper jejunum and this completes the cycle. 
Roels and Hashim also report that dietary triglycerides hydrolyzed 
to free fatty acids are absorbed by the mucosa, re-esterified, and the 
short chain fatty acids of less than 10 carbon atoms in the chain are 
directed towards the portal vein while the long chain re-esterified fatty 
acids are directed towards the lacteals. 
Swell, Stutzman, Law, and Treadwell (1962) indicate that cholesterol-
D-gLucoside must be hydrolyzed before the sterol can be absorbed. In 
their studies, hydrolysis appeared to take place in the lumen of the in­
testine. A large part of the free cholesterol was re-esterified in the 
intestinal wall prior to transfer to the lymph. 
Acetate labeled with C^ was injected in rats and guinea pigs by 
Schwenk and co-workers (1955). They showed that biosynthesis of labeled 
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cholesterol occurred in the liver and gastrointestinal tract within 30 
to 60 minutes after injection. They concluded that the guinea pig 
synthesizes cholesterol slowly, but easily shows atherosclerotic lesions. 
Beher et al. (1962) concluded that in mice the rate of hepatic 
cholesterol biosynthesis is controlled by cholic acid and its conjugates 
by means of a double feedback reaction. 
Adamson et al. (1961) found indications that newly synthesized labeled 
"cholesterol" did not mix well with the serum cholesterol and the liver 
cholesterol. They postulated that the radioactive biliary "cholesterol" 
was not cholesterol but a closely related digitonin-precipitable compound 
which was excreted in the bile when the synthesis of cholesterol was 
inhibited. 
Clark et al. (1962) measured the concentration of serum cholesterol 
before and after incubation with solid cholesterol. Serum samples were 
studies from putatively normal young men and also from patients hospitalized 
for some form of arteriosclerotic cardiovascular disease. The results 
showed that human serum could dissolve additional cholesterol, and that 
the serum from patients suffering from arteriosclerotic disorders dis­
solved as much cholesterol as the serum from the normal young men. Added 
cholesterol seemed to be absorbed by the serum up to a maximum level of 
l60 milligram added cholesterol per milliliter of serum. At the time 
cholesterol was being absorbed the serum phospholipid concentration decreased 
from 10 to 6 milligram percent when 240 milligrams of cholesterol were 
added per milliliter of serum. The phospholipid phosphorous continued 
to drop after the serum was saturated with cholesterol, indicating that 
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the phospholipid drop was inversely proportional to the cholesterol added 
to the serum, not the cholesterol uptake by the serum. They concluded that 
atherosclerosis was not due to oversaturation of serum by cholesterol. 
Tracer amounts of choles terol-4-C"^ were added to hog adrenal 
homogenates by Dailey and co-workers (1?62). These homogenates were 
incubated under conditions thought to be suitable for steroid synthesis; 
37°C. for two hours under a mixture of 95 percent oxygen and 5 percent 
carbon dioxide. This labeled cholesterol was rapidly and efficiently 
converted to labeled steroids. However labeled cholesterol esters incu­
bated under the same conditions did not appear to be synthesized into 
other steroids. 
Katz (1951) stated that chicks are omnivorous like man. Spontaneous 
gross lesions of the aorta in their fully developed form were morphologi­
cally atherosclerosis. He demonstrated that cholesterol feeding induced 
atherosclerotic lesions that were distinct from spontaneous lesions, but 
simulated even more closely atherosclerotic lesions of man. 
O'Neal and Still (1962) reported that cholesterol-induced athero­
sclerosis produced by feeding cholesterol and other hypercholesteremia 
agents, closely resembles "early lesions" ("lipidosis" or "fatty streaks") 
of atherosclerosis in man, and should be a reasonable tool for studies of 
pathogenesis and morphogenesis that might apply to disease in man. Athero­
sclerosis can be produced easily in most experimental animals by feeding 
cholesterol. Further evidence indicating that the experimental cholesterol 
induced atherosclerosis is similar to that in man was the accumulation of 
foam cells in subendothelial space which resembled early human lesions. 
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Bottcher and Woodford (1962) found that the cholesterol esters, 
glycerides and free fatty acids of the aorta wall were comparatively 
saturated at an early age, and that they progressively approached the 
saturation level of the lipids of the blood. They concluded that 
permeation of blood lipids accompany aging and may lead to atherosclerotic 
lesions only if some local tissue factor changes so as to stimulate this 
changing local metabolic activity and its lipid composition. 
Hypercholesteremia atherosclerosis in rabbits actually dilates the 
arteries, and human atherosclerosis does not always decrease the arterial 
caliber, according to Gorlin (1962). When stenosis does occur, luminal 
size must be reduced by fully two-thirds before a major drop in blood 
pressure and flow occurs across the stenosis. Gorlin states that one 
can define coronary atherosclerosis with or without luminal narrowing. 
Long (1947) reported that outstanding chemical characteristics of 
the adrenal cortex were its high contents of cholesterol and ascorbic 
acid. The only other organ approaching this high level of cholesterol 
was the corpus luteum. Under nembutal anesthesia rats were found to have 
about 4.0 grams of cholesterol per 100 grams of adrenal tissue. Ninety 
percent of the adrenal cholesterol was in the ester form. 
Wolford and Ringer (1962) reported that in yearling laying hens 
neither handling procedures, cold exposure at 35°F., nor intravenous ACTH 
injections altered adrenal cholesterol or adrenal weight. Water depriva­
tion for 24 hours, feed deprivation for 40 hours, or water and feed 
deprivation for 15 hours prior to sacrificing or exposure to cold at 0°F. 
and deprivation of water and feed for 15 hours prior to sacrificing failed 
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to produce a significant difference in adrenal cholesterol. ACTH injected 
intramuscularly twice daily for four consecutive days depleted adrenal 
cholesterol. Apparently ACTH stimulates the adrenal to use cholesterol 
in the synthesis of the interrenal hormones if large enough amounts are 
given often enough. This work indicates that it takes a large amount of 
stress to change adrenal cholesterol composition. 
Effect of dietary cholesterol on blood cholesterol 
Wysocki and co-workers (1955) reported that cebus monkeys responded 
to cholesterol feeding with hypercholesteremia, hyperlipoproteinemia, 
and atherosclerosis if deprived of essential sulfur-containing amino acids 
at the same time. 
Kendall (1951) found that if three grams of cholesterol per day 
was added to a dog's diet the serum cholesterol concentration was not 
changed, but if ten grams of cholesterol per day was added to the diet 
the serum cholesterol concentration was doubled. When the high level 
of dietary cholesterol was maintained, the serum cholesterol level 
gradually dropped so that at the end of a year or 18 months the serum 
cholesterol concentration was only slightly higher than normal. Dogs 
on a high cholesterol diet excreted one to three grams additional non-
saponifiable lipids per day and one to three grams more cholesterol per 
day than dogs on a cholesterol-free diet. 
It has been reported by Swell and co-workers (I96l) that, in rabbits, 
distinct changes occurred in tissue lipid fatty acid composition as a 
result of cholesterol feeding. The greatest changes occurred in the serum 
and tissue cholesterol ester fractions. The cholesterol esters of the 
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aorta of atheromatic groups showed a significantly higher proportion of 
saturated and oleic acids and significantly less linoleic acid than that 
fraction in the serum of normal animals. Liver cholesterol esters of 
normal rabbits had a greater proportion of saturated fatty acids than did 
serum cholesterol esters. They concluded that serum cholesterol esters 
may not be directly derived from the liver, but through a process of 
exchange with other lipids, as well as through direct esterification 
of cholesterol in other tissues. 
Cholesterol was fed to White Leghorn chickens by Sutton et al. (1958). 
They found that the cholesterol concentration in the diet and the sex of 
the chicken influenced the serum cholesterol level. The increase in 
serum cholesterol concentration paralleled the dietary concentration of 
the supplemented cholesterol up to 3 percent dietary cholesterol. When 
the dietary cholesterol exceeded 3 percent the serum cholesterol was 
decreased. Both sexes showed a retardation in growth when fed a diet 
containing over 1 percent cholesterol. 
Dauber and Katz (19^3) observed a high mortality rate for young chicks 
up to ten days of age when they were fed dietary cholesterol. They started 
their studies at 14 weeks of age to avoid high mortality, and observed 
the birds until they were six months old. They found that cholesterol-
fed birds ate less than control birds when fed 2 percent crystalline 
cholesterol suspended in cottonseed oil. The chicks continued gaining 
weight when first placed on the cholesterol diets, but after a time they 
started losing weight. The cholesterol fed birds ate about 75 percent 
as much as the control birds consumed. When dry crystalline cholesterol 
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was fed, an even poorer feed consumption was noticed. After five weeks 
on dietary cholesterol, blood cholesterol values were as high as 2000 
milligrams cholesterol per 100 milliliters of blood as compared with 126 
milligrams cholesterol per 100 milliliters of blood for the control birds. 
As the blood cholesterol increased the degree of vascular sclerosis also 
increased. After being on high cholesterol diets for four to five months 
the blood cholesterol concentrations of the birds tended to drop. They 
were unable to find a clear correlation between the blood cholesterol 
concentrations, the duration of the cholesterol feeding, and the degree 
of vascular atheroma. High dietary cholesterol caused an enlarged liver 
which was smooth, "greasy" and a bright yellow-tan color. The definite 
sex difference in the incidence of spontaneous atherosclerosis found in 
man was also found in the chicken. The higher degree of atherosclerosis 
in the male was thought to be due to more intense vascular stress in the 
male and the more labile cholesterol metabolism in the female. 
Kritchevsky et al. (1958) fed chickens sucrose or glucose basal rations 
with 3 percent cholesterol and 200 ppm chlortetracycline added experimentally. 
When glucose was replaced by sucrose the serum cholesterol concentration 
of the birds was not raised appreciably. However, when sucrose plus 
cholesterol was fed the serum cholesterol concentrations were greatly 
increased over those of birds fed the glucose plus cholesterol rations. 
Chlortetracycline increased the serum cholesterol concentration signifi­
cantly in birds fed cholesterol and glucose. However, chlortetracycline 
seemed to have little effect on the serum cholesterol concentration of 
birds fed sucrose and cholesterol diets. 
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The form in which cholesterol is fed to the experimental animals may-
make a tremendous difference according to Kritchevsky and co-workers (1955)» 
They found that cholesterol in a volatile solvent gave the highest 
atheroma readings and the lowest serum cholesterol concentrations. 
Cholesterol dissolved in hot oil gave the lowest atheroma readings and 
the highest serum cholesterol concentrations when fed the experimental 
animals. 
Clarkson and Lof land (1961) found that some strains of pigeons were 
resistant to atherosclerosis while other strains developed atherosclerosis 
spontaneously. However, serum cholesterol concentrations seemed to be 
about the same regardless of the amount of atheroma. 
Effect of fat and protein source on blood cholesterol 
It has been shown by Walker et al. (i960) that human subjects receiving 
a vegetable protein diet for two weeks had significantly lower serum 
cholesterol concentrations than subjects receiving an animal protein diet. 
In general after longer periods on the experimental diets, the differences 
between the vegetable and animal protein diets were not significant. 
However, the week of mid-term examinations the girls on the animal protein 
diet had higher serum cholesterol concentrations than the girls on the 
vegetable protein diet. 
Anderson and co-workers (1961) reported that, when hydrogenated com 
and safflower oils replaced the natural oils in the diets of men at a 30 
gram per day level, the hydrogenated safflower oil resulted in a rise in 
serum cholesterol of ten milligrams per 100 milliliters serum. When 100 
grams of saf flower oil was given daily, a 25 milligram per 100 milliliter 
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serum increase was observed. When 100 grams corn oil was given daily the 
increase in serum cholesterol was 21 milligrams per 100 milliliters serum. 
Swell et al. (1962) found that in humans a high linoleic acid diet 
produced a significant decrease in serum cholesterol concentrations. When 
this group was switched to a low linoleic acid diet the serum cholesterol 
concentration rose significantly above the level during the period when 
they were receiving high linoleic acid. Serum linoleic acid was increased 
and oleic and saturated fatty acids were decreased on the high linoleic 
acid diet. 
Oomori and Mizuhara (i960, 1962) isolated a new sulfur amino acid 
from the urine of hypercholesterolemia patients. It is known that sulfur 
amino acids lower blood cholesterol concentrations. They postulated 
that the sulfur-containing amino acid was tied up in cholesterol synthesis. 
The new amino acid has been given the name of isovalthine. 
Kritchevsky et al. (1961) fed cholesterol to rabbits on low-fat diets. 
These rabbits had the most severe atheromata and the lowest serum and liver 
cholesterol concentrations. Cholesterol dissolved in hot corn oil was 
consistently more atherogenic than a cholesterol suspension in non-heated 
com oil. They felt that the increased atherogenicity of the heated corn 
oil might have been due to the higher concentration of free fatty acids 
in this oil. 
Barnes et al. (1959) started pigs on high- and low-protein diets 
(16 and 9 percent protein) with 10 percent added beef tallow. The high-
protein diets had lower serum cholesterol levels than the low-protein 
diets, while 10 percent fat caused higher serum cholesterol values than 
low fat. 
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Barnes et al. (1961) fed swine high-fat diets where hydrogenated fats 
were compared with natural vegetable fat mixtures designed to have the 
same fatty acid composition in each diet. The difference in the fats 
studied was in their content of isomerized fatty acids. The hydrogenated 
fats gave the same serum cholesterol response as their corresponding 
natural plant fat mixtures. They also compared triolein with trielaidin. 
Trielaidin gave a lower serum cholesterol response than triolein. 
Seidel and co-workers (i960) reported that additions of cystine and 
cysteine lowered serum cholesterol when a high-casein, hypercholesteremia 
diet containing added choline was fed to rats. They reported that methionine 
appeared to have two opposing effects on serum cholesterol concentrations 
of rats fed a choline-free diet; (1) A cholesterol-elevating effect 
attributable to lipotropic activity and (2) A cholesterol-lowering effect 
common to sulfur-containing amino acids. 
Nath and co-workers (1959) found that rats fed casein diets had 
higher serum cholesterol concentrations than rats fed other protein sources 
such as pork extract, purified soybean protein, or zein. For each of the 
protein sources the serum cholesterol concentration was lower when the 
diet contained 40 percent protein instead of 10 percent protein. Their 
experiments with wheat gluten suggested that the protective action of 
some vegetable proteins against atherosclerosis or hypercholesteremia 
may be attributable to some active component associated with the proteins. 
In long term experiments with rats, Siedler et al. (1962) found that 
when sucrose was the main source of calories in a casein diet the serum 
cholesterol concentration increased. When lard was substituted for the 
sucrose the serum cholesterol was further increased. However, when com 
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oil was substituted for the sucrose serum cholesterol concentration was 
reduced and liver cholesterol concentration was increased. 
Diller et al. (1961) compared the effect of feeding male rats unhy-
drogenated and completely hydrogenated corn and safflower oils. Plasma 
cholesterol was lowest, and was independent of dietary cholesterol when 
the rats were fed a lipid free diet. When 5 percent oil was added to 
the diets, plasma cholesterol concentrations were increased. The greatest 
increase in plasma cholesterol concentrations was caused by diets containing 
both oil and cholesterol. These workers found no apparent correlation 
between plasma cholesterol levels and degree of unsaturation of the corn 
oil. Hepatic cholesterol was increased when cholesterol was fed, indicating 
a greater rate of absorption than of excretion of the sterol nucleus. 
Furthermore, hepatic cholesterol concentration responded more quickly to 
dietary changes than did the plasma cholesterol concentrations. Dietary 
lipid was not necessary for cholesterol absorption, but endogenous lipids 
in the intestine were not present in sufficient concentrations for maximal 
cholesterol absorption. 
Ninmi et al. (l$6l) found that the addition of sardine or tuna oil 
significantly decreased serum cholesterol concentrations in the rat. At 
the same time, an increase in liver cholesterol concentrations was noted. 
When an anti-oxidant was included with the marine oils it reduced the 
hypocholesteremic effect of the oils. 
In old hens, dietary com oil at 5 percent of the diet tended to 
lower serum cholesterol concentration, according to Gey and Pletscher 
(1961J. They also found that fowl choiesteremia did not necessarily 
parallel the degree of spontaneous arteriosclerosis. In their experiments, 
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visible lesions, as well as total lipids and cholesterol of the aorta, were 
not influenced statistically by feeding corn oil. 
Daghir et al. (I960) fed equicaloric and equinitrogenous diets 
containing either 12 percent white grease or soybean oil to laying hens. The 
soybean oil caused a significant decrease in serum cholesterol while the 
white grease did not significantly increase serum cholesterol concentration. 
Varying the choline level of the ration from 400 to 1,000 milligrams per 
pound of the ration did not affect the serum cholesterol concentrations. 
Machlin and Gordon (1961) found that when saturated fatty acids were 
fed to chickens, in addition to the essential fatty acids, a growth depression 
occurred. Addition of cholesterol to this diet further depressed growth 
at an early age. However, in contrast to the earlier report by Dauber and 
Eatz (1943), cholesterol alone had no effect on the growth rate. Machlin 
and Gordon concluded that cholesterol may have reduced the essential fatty 
acid content at the critical sites of the essential fatty acid function 
and therefore the reduction in growth. 
Daghir and Balloun (1961) fed chicks isocaloric and isonitrogenous 
diets but with either 8 percent white grease or 8 percent soybean 
oil and varying levels of choline. They found no difference in body weight 
gains up to seven weeks of age, but the white grease diets resulted in a 
better feed efficiency. The rations containing white grease produced higher 
serum cholesterol concentrations than did the soybean oil diets or the 
control diet. The serum cholesterol concentration of males was significantly 
higher than that of females. The fat source and choline level did not 
affect either liver lipids or liver cholesterol concentrations. 
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Beeler et al. (1962) found that the addition of cholesterol to chick 
diets increased plasma cholesterol concentrations when the chicks were 
receiving a high-fat diet, but not when a low-fat diet was fed. High 
levels of com oil and soybean oil tended to lower the plasma cholesterol 
concentration, but not significantly. In general they associated athero­
sclerosis with an increasing ratio of esterified to free cholesterol and 
a decreasing total lipid to total cholesterol ratio. 
Kokatnur and co-workers (1958a) found that when chicks were fed a 
com oil ration, or an essentially fat-free ration, the serum cholesterol 
concentration increased more rapidly in the birds getting the corn oil 
ration. An inverse linear relationship seemed to .exist between serum 
cholesterol concentrations and the absolute intake of protein. Hyper­
cholesteremia birds decreased serum cholesterol concentrations more rapidly 
when higher protein rations were fed. 
Miller et al. (1961) fed four-week-old pullets rations containing 
cholesterol and com oil or cottonseed oil. The birds consuming these 
rations had higher plasma cholesterol concentrations than birds consuming 
rations with no added oils or added marine oils. Of the marine oils used 
(tuna, redfish, menhaden, and sardine), tuna and menhaden oils produced the 
lowest plasma cholesterol concentrations. 
Adamson and co-workers (1961) found that chicks consuming either a 
fat-free ration with added cholesterol or a cholesterol-free ration had 
similar serum cholesterol concentrations. Neither the amount of fat (0, 
3, or 15 percent) nor the kind of fat (com oil, vegetable shortening made 
from cottonseed oil, or butterfat) appeared to exert a consistent influence 
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on the serum cholesterol concentration in the absence of dietary cholesterol. 
The serum cholesterol concentration of the birds on a fat and cholesterol 
ration were two to three times that of the birds on a cholesterol free 
ration after three to four months on experiment. When chicks consuming 
high-fat and cholesterol rations were injected with labeled sodium acetate, 
synthesis of labeled cholesterol was almost completely inhibited. This 
inhibition was apparently less with vegetable shortening or butterfat 
rations than with the com oil ration. 
Fisher and co-workers (1959) fed high and low levels of protein, com 
oil, and cholesterol to day-old male chicks. The low-protein ration caused 
higher cholesterol concentrations in both the plasma and aorta, irrespective 
of the fat level. They noted that the abdominal aortas were more affected 
than the thoracic aortas. In other work they fed hens 10 percent linseed 
oil, tallow, or no added fat and found that the plasma and aorta cholesterol 
concentrations were highest on the tallow diets in 20 month old hens. The 
eight month old hens did not have higher plasma cholesterol concentrations 
on the high tallow ration. Again the abdominal aorta appeared to be the 
more severely affected with atheroma. A chemical analysis indicated that 
the abdominal aorta fat was more saturated than the thoracic aorta fat, 
irrespective of the degree of unsaturation of the dietary fat. 
Marion et al. (1961) found that serum cholesterol values were not 
influenced by dietary protein, cholesterol or energy content in the absence 
of added fat. Additions of com oil at each protein level resulted in 
an increase in serum cholesterol concentration only when dietary cholesterol 
was present or the energy content of the diet was very high. Increasing 
dietary protein in the presence of fat lowered the serum cholesterol 
concentrations. 
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March and BLely (1959) fed male chickens rations containing from 20 
to 26 percent protein and 0 to 8 percent added fat. The birds on the 
high protein rations grew faster and had lower serum cholesterol concentra­
tions. Birds consuming the lower protein rations had elevated serum cholesterol 
concentrations when corn oil, chicken fat, Crisco, lard, or butter was added 
to the diet. 
Leveille and co-workers (1961) observed that chicks consuming a 20 
percent protein ration had lower plasma total cholesterol and phospholipid 
concentrations than did chicks fed a 10 percent protein ration. A high 
positive correlation was observed between plasma total cholesterol and 
phospholipid concentrations in chicks fed cholesterol-free diets. The 
increase in plasma cholesterol concentrations was exogenous in nature and 
was accompanied by a corresponding increase in phospholipids. In cholesterol-
fed chicks the plasma total cholester(^concentration increased at a faster 
rate than the plasma phospholipid concentration. In these cholesterol-
fed birds the exogenous cholesterol was reflected in elevated plasma 
cholesterol concentrations; and, although the phospholipids in the plasma 
increased a normal ratio was not attained. 
Leveille and Sauberlich (1961) fed chicks varying levels of protein 
from 10 to 25 percent. Serum protein was found to be directly related and 
the serum cholesterol concentrations were inversely related to the dietary 
protein levels. 
Nishida et al. (1958) found that when dietary protein varied from 15 
to 35 percent the serum cholesterol concentration was lower on the higher 
protein rations. They concluded that high serum cholesterol and beta-
lipoprotein concentration did not serve as an accurate index for athero­
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sclerosis. Fat to protein ratios were thought to be a factor in cholesterol 
metabolism. In this work heated com oil provided a "stress" factor to 
increase atheroma. Experimental atherosclerosis in chicks seemed to be 
more dependent on dietary protein than on dietary fat or cholesterol. 
Kokatnur and co-workers (1958b) reported that "soft" fats such as com 
oil, as compared with "hard" fats such as beef tallow, depressed serum 
cholesterol in diets of high energy to protein ratios, but not in low 
diets with a low energy to protein ratio. 
However, Kummerow and co-workers (i960) found that the influence of 
energy to protein ratios was independent of the type of fat used. Higher 
serum and carcass cholesterol concentrations were obtained from high energy 
to protein ratios. At comparable energy to protein ratios, lower chick 
serum cholesterol concentrations were obtained from chicks fed a high-fat 
diet than from chicks fed a low-fat diet. 
Effects of dietary restriction on blood cholesterol 
Wells and co-workers (1962) reported that rabbits fed a cholesterol-
sucrose diet at two or three one-hour periods during the day had higher 
serum and liver cholesterol concentrations and a higher degree of 
atherosclerosis than the corresponding rabbits receiving the same rations 
ad libitum. This effect was not observed when lactose replaced sucrose 
in the diet. 
Katz (1951) allowed chicks to consume cholesterol diets ad libitum 
and 60 percent of ad libitum. The chicks on the 60 percent of ad libitum 
intake had as marked or even more marked hypercholesteremia and athero­
sclerosis than the chicks eating ad libitum. He concluded that under­
nutrition was not protective against hypercholesteremia and atherosclerosis 
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in the presence of the atherogenic stimulus, cholesterol. When the chicks 
ate plain mash, alternatively with the cholesterol mash, the blood cholesterol 
tended to diminish. The cholesterol was thought to be demobilized normally 
from the blood vessel as well as from the blood and, when starvation 
intervened, it was not demobilized. Birds fed a fat-free diet for 63 
weeks still had spontaneous lesions of the abdominal aorta. These lesions 
developed later and were less severe than when fat was included in the 
diet. When hypertension was created with sodium chloride and deoxy­
corticosterone the cholesterol-induced atherosclerosis was intensified 
in chicks receiving the cholesterol mash, but no effect was1 noted in 
chicks receiving the plain mash. 
HjSlmer et al. (i960) found that fasting increased chick plasma 
cholesterol concentration. Dam and co-workers (1959) found that fasted 
chicks on a fat-free diet without added cholesterol had higher plasma 
cholesterol roncantrations than did non-fasted chicks on the same diet. 
Fasting did not increase serum cholesterol when chicks were fed added fat 
or à cholesterol. 
Con.', et al, (I96I) allowed chickens free access to feed containing 
cottonseed oil and cholesterol, or subjected them to two one-hour feeding 
periods during the day. They found that birds limited to eating during 
the two one-hour periods per day had double the serum cholesterol concen­
trations and seven times the severity of coronary atherosclerosis as the 
birds eating ad libitum. After the atherogenic conditions developed, the 
birds received a ration containing no added cholesterol and those that 
ate ad libitum had a faster rate of serum cholesterol concentration 
reduction and a marked increase in rate of healing of coronary lesions. 
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Other factors affecting blood cholesterol 
Wells and Ershoff (1962) found that plasma cholesterol concentrations 
were higher in hypophysectomized rats than in intact rats when 1 percent 
cholesterol was added to the diet. The addition of 0.5 percent of 
desicated thyroid largely counteracted the high plasma cholesterol con­
centrations. 
Howe and Bosshardt (1962) reported that both thyroid powder and 
iodinated casein (protamone), fed with saturated fat lowered plasma 
cholesterol concentrations. The iodinated casein increased plasma 
cholesterol concentrations when fed at high levels with unsaturated fats. 
Thiouracil increased plasma cholesterol concentrations, and fat per se 
enhanced this effect. 
Clegg and Eric son (1957 ) treated hens with diethylstilbestrol and 
found that laying birds had a much higher concentration of serum cholesterol 
than non-laying hens. Their work indicated that cholesterol was bound to 
two electrophoretic components; a pre-albumin or a slow-moving globulin 
or both. 
Aaronson et al. (1962) reported that in mammals benzmalecene inhibited 
cholesterol synthesis at the mevalonic acid stage and that triparanol 
inhibited cholesterol synthesis at the metabolic step where desmosterol 
was reduced to cholesterol. When these agents were applied at low concen­
trations in both sterol-synthesizing and non-sterol synthesizing protozoa, 
the multiplying ability of the protozoa was inhibited. 
Kittinger and Wexler (1962) administered triparanol subcutaneously 
to rats. This method of treatment did not reduce growth rates as when 
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given orally. However, adrenal hypertrophy was observed. They concluded 
that adrenal enlargement was probably due to the increased ACTH release in 
response to the decreased in vivo adrenal steroid production and was a 
result of decreased adrenal sterlodogenesis. Increased kidney and heart 
weights suggested that high doses of triparanol may have caused changes 
in blood pressure or cardiovascular-renal damage. Concurrent diminished 
rates of total adrenal steroid production in vitro was observed in the 
triparanol-treated groups. 
Burgress et al. (1962) found that when triparanol was fed to laying 
hens egg cholesterol was almost completely replaced by desmosterol. This 
was followed by a complete cessation of egg production; also reported by 
Nichols et al. (1962). Burgress and co-workers concluded that triparanol 
interfered with steroid hormone production. 
Kritchevsky and co-workers (1958) fed chickens cholesterol and chlor­
tetracycline in either sucrose or glucose rations. Dietary-cholesterol 
resulted in a greater increase in serum cholesterol concentrations in 
glucose-fed birds. However, chlortetracycline plus dietary cholesterol 
increased serum cholesterol concentrations more when the dietary 
carbohydrate was glucose. 
Dubost et al. (i960) reported that added dietary chlortetracycline 
did not affect cholesterol content of liver, kidney or muscle tissues in 
chicks. 
Guggenheim and co-workers (i960) found that rats fed a starch diet 
had higher concentrations of liver fat and cholesterol than when a sucrose 
or glucose ration was fed. They reported that supplementation with 
chlortetracycline increased liver cholesterol. 
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A diet of saturated fat, cholesterol and cholic acid, oxytetracycline 
or succinylsulfathiazole, either alone or together, elevated plasma 
cholesterol concentrations in mice in studies of Howe and Bosshardt (1960a). 
When cod liver oil was substituted for the saturated fat, the oxytetra­
cycline had no effect on plasma cholesterol concentration, but chlortetra-
cycline reduced plasma cholesterol. They found that increasing the amount 
of unsaturated fat in the chlortetracycline diet increased cholesterol-
depressing ability. Howe and Bosshardt (1960b) postulated that the 
hypocholesteremic effect of chloretracycline in mice was due to: (1) 
Indirectly, its effect on the intestinal bacteria, (2) precipitation or 
completing of bile acids or (3) inhibition of intestinal absorption of 
cholesterol and bile acids. They felt that several of these mechanisms 
might be operating at the same time. Heat inactivation of tetracycline-
HC1 or oxytetracycline-HCl had no effect on its hypocholesteremic properties. 
Wells and Cook (1962) found that dietary lactose or succinylsulfathiazole 
reduced hepatic cholesterol in the rat. It was postulated that this might 
have been due to the elevated enterohepatic bile acid pool size observed 
in rats fed these supplements. However, neither of these agents exerted 
any inhibition on intestinal cholesterol synthesis from either acetone or 
mevalonate. When cholesterol was being synthesized from acetate the hepatic 
cholesterol reduction observed was greater than when mevalonate was the 
precursor. 
Wells and Ershoff (1961) fed both citrus and apple pectin and found 
that they counteracted the increase in plasma and liver cholesterol due 
to added dietary cholesterol. Other roughage or bulkforming materials such 
as cellulose, agar, sodium alginate, protopee tin or calcium silicate had 
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no such effect when fed at the same level of 5 percent. None of the 
pectin derivatives had any effect on cholesterol concentrations in the 
rat. They concluded that a nonabsorbable pectin-cholesterol complex may 
have been formed, or pectin may have induced changes in the intestinal flora 
that resulted in a greater degradation of cholesterol leaving less available 
for absorption. 
Alfalfa extracts reduced blood cholesterol concentrations of chicks 
when no dietary cholesterol was fed according to Clary et al. (i960). In 
the presence of cholesterol it was thought that the saponins of alfalfa 
might have acted as a dispersing agent which increased the absorption of 
cholesterol from the digestive tract and increased blood cholesterol 
concentrations. They concluded that the great distribution of saponins 
in vegetables might play a role in human atherosclerosis. 
Wood (i960) found that vitamin A reduced serum cholesterol concen­
trations of chickens fed 1 percent cholesterol. However, crystalline 
vitamin A acetate was not as effective as the vitamin A fraction of lingcod 
liver oil. When the vitamin A fraction of the lingcod liver oil was given 
to chicks it produced a serum cholesterol concentration lower than that 
found in chicks on a basal ration with no added dietary cholesterol. It 
was postulated that the greater effect of the vitamin A fraction of oil over 
vitamin A acetate might have been due to glyceryl ethers which are present 
in appreciable quantities and act as emulsifying agents. This may have 
increased the degree of dispersion of vitamin A in an aqueous media. 
Beeler et al. (1962) reported that 4-2 I.U. vitamin A per gram of diet 
was effective in lowering plasma cholesterol concentrations in birds 
receiving dietary cholesterol. They felt that possibly the vitamin 
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interfered with bile acid metabolites, forming an unabsorbable complex in 
the intestinal lumen. Severity of atherosclerosis was also lowered by 
vitamin A additions to the diet. 
Weitzel et al. (1956) fed young cockerels and old hens large oral 
doses of vitamins K^, A and E for long periods. Vitamin was found to 
have no effect on atherosclerosis when fed with dietary cholesterol. In 
some cases vitamin E appeared to have a slight anti-atherosclerotic effect. 
Vitamin A-treated birds showed marked regression of atheromatosis. This 
was accompanied by a reduction of the total fat content of the aorta. A 
combination of vitamins A and E was the most effective and produced a 
considerable reduction of the atherosclerotic plaques and of total fat 
and cholesterol content of the aorta. 
Daghir and co-workers (i960) reported that varying the dietary level 
of choline had no effect on total serum cholesterol concentrations of hens. 
Daghir (1962) found that serum cholesterol concentrations were higher 
in chicks fed vitamin B5 deficient rations. High levels of vitamin Bg did 
not reduce serum cholesterol concentrations below that of chicks fed a 
ration containing adequate amounts of vitamin B^. Aortas of vitamin Bg-
deficient chicks were heavier, when weight was expressed as a percentage 
of the body weight, and the aorta had higher concentrations of cholesterol 
than that in chicks receiving adequate levels of the vitamin. 
Factors affecting blood pressure 
Appelrot (1933) observed that high levels of vitamin D increased the 
blood pressure in dogs. When dogs received added vitamin D daily for 15 
to 25 days they exhibited an increase in blood pressure. During this same 
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period the blood pressure of control animals aotua.il.y dropped slightly. 
The cause of the increased blood pressure in the vitamin D-fed animals was 
thought to be a result of hypertrophy of media of the arterioles. 
Smith et al. (i960) fasted pigs for periods of 8 and 30 days and re-
alimentated them with a balanced diet high in carbohydrate, pure glucose, 
pure protein, or glucose and sodium chloride. Feeding pure glucose 
increased heart rate above prefasting rate after a short fast, but not 
after a long fasting period. When 2 percent sodium chloride was added 
to the glucose diet the increased heart rate was suppressed, but systolic 
blood pressure was increased. When sodium chloride concentration in the 
diet was raised to 4 percent the systolic blood pressure was increased to 
hypertensive levels. 
Skelton (1955) gave unilaterally nephrectomized rats methylandro-
stenediol and sodium chloride to cause hypertension and concomitant 
vascular lesions, principally in the kidneys and heart. The vascular 
lesions were both chronic, consisting of progressive degeneration and 
connective tissue replacement of mural components, and acute, consisting 
of a fibrinoid alteration of the vessel walls. GHomerulonecrosis with 
fibrin-like thrombi occluding afferent arterioles and capillaries was 
considered part of the acute vascular reaction and was associated with 
degeneration of basement membranes. 
Allison et al. (I96l) fed unilaterally nephrectomized rats desoxy-
corticosterone acetate and sodium chloride which increased the blood 
pressure linearly during the experimental period of five weeks. The 
hypertension resulted in hypertrophy of the liver, heart and kidney, 
and in these organs developing to about one and one-half times the 
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weight of the normal organs. An increase of serum cholesterol concentration 
was also found in the hypertensive rats. 
Wakerlin et al. (1951) found that rabbits with experimental renal 
hypertension developed more severe and extensive lesions of experimental 
cholesterol atherosclerosis than did normotensive control animals. Dogs 
with chronic renal hypertension from surgery had increased gross athero­
sclerotic lesions due to feeding of thiouracil and cholesterol. They 
believed, without proof, that the accentuation of hypertension was due 
to plaque formation in the renal arteries with a resulting further 
constriction. 
Heptinstall and Bronte-Stewart (1954) produced hypertension in rabbits 
by unilateral nephrectomy and a silver clip on the other renal artery. 
When cholesterol was fed, the plasma cholesterol concentration rose 
rapidly linearly up to the sixth week of feeding. After six weeks the 
rise in plasma cholesterol concentration was less rapid and in most of 
the animals started declining about the tenth week. The ratio of the 
liver weight to carcass weight for the cholesterol-fed animals was one 
and one-half times that of the controls. There was no difference between 
the hypertensive and non-hypertensive groups. The ratio of the adrenal 
weight to carcass weight was higher for the cholesterol fed animals. 
In another report on the same group of rabbits, Bronte-Stewart and 
Heptinstall (1954) found that in animals fed cholesterol the aortic area 
involved with atheroma increased much more rapidly in hypertensive rabbits. 
The rise in blood pressure due to cholesterol feeding occurred at five to 
seven weeks on cholesterol feeding. They felt that this brief rise in 
blood pressure may have been responsible for the extensive atheroma in 
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subjects with a normal blood pressure. However, the atheroma in animals 
with normal blood pressure was not nearly as extensive as in the hyper­
tensive subjects. 
Heptinstall and Porter (1957) found that when rabbits were fed 
cholesterol for an eight week period, induced high blood pressure for only 
the first two or three weeks could increase the amount of aortic atheroma 
produced, but the atheroma was not as great as when the blood pressure 
was high for the entire eight week period. When animals with induced 
hypertension were fed cholesterol for three weeks there was no gross 
deposition of cholesterol in the aorta wall and only an insignificant 
amount deposited microscopically. No obvious structural changes were 
found as a result of local injury from high blood pressure. They felt 
that a local injury produced during cholesterol feeding might be more 
potent in producing lipid localization than an injury produced before 
cholesterol feeding. They concluded that when the system was flooded 
with lipids the smallest structural or functional aberation of the vessel 
wall may have localized the lipids. 
Weiss and Sturkie (1951) developed an indirect method for measuring 
the blood pressure of the chicken. Their method utilized two components : 
(l) A device for constricting an appendage (usually an inflatable cuff) 
to shut off blood flow and (2) A method of determining when blood flow 
ceased; or more accurately, returned to the appendage (usually by a pulse 
pick-up or a measure of volume changes in the appendage). They felt that 
the peripheral pulse of the bird was faint and that heart sounds mask the 
pulse sounds. They also felt that the heart sounds were readily carried 
throughout the system in the fowl. A strain gauge pressure transducer 
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and a carbon granule microphone plethysmographs were constructed to convert 
limb volume changes into electrical impulses. The indirect blood pressure 
values obtained by this method corresponded very closely with the direct 
blood pressure values obtained simultaneously. 
Sturkie et al. (1953) found that the blood pressure of the male 
chicken was 13 to 25 percent higher than that of females. The systolic 
blood pressure of the female chicken was found to increase about 24 percent 
over the period from one to three or four years of age. The increase in 
blood pressure in the male for the same period was 14 percent. These 
increases were thought to be almost the same as reported for the human 
from 20 to 65 years of age. 
Weiss, Ginger and Sturkie (1955) reported no sex difference in the 
blood pressure of April-hatched chicks before they were eight weeks of age. 
In November-hatched chicks the birds were 13 weeks of age before a sex 
difference could be detected. Four to five weeks after the sex difference 
was first detected a maximum elevation of approximately 30 millimeters-" 
mercury was recorded for the males. Poulard and capon blood pressures 
parallelled the rise in the male blood pressure, but the rise was delayed 
about four weeks. 
Sturkie et al. (1955, 1956) studied the effect of blood pressure 
levels on mortality over a three year period. They divided Leghorn 
pullets into three groups, on the basis of blood pressure, or 90 to 129 mm 
Hg, 130 to 150 mm Hg and above 150 mm Hg. Thirty percent of the birds 
had high blood pressure, 30 percent had low blood pressure and 40 percent 
had medium blood pressure. Mortality in the hypotensive birds was nearly 
twice that of the other groups. Mortality up to 579 days of age was higher 
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in the low-pressure group, but from 579 to 1086 days of age the mortality 
was highest in the high-pressure group. 
Weiss et al. (1957) found that the blood pressure of chickens decreased 
in the summer and increased in winter. They also found out that only the 
male blood pressure is affected by inhibition of pituitary gonadotrophins 
or administration of exogenous gonadotrophins. The rise in male blood 
pressure seemed to be related to gonadal development. Spontaneous aortic 
atherosclerosis was found in cockerels as young as three months of age. 
Sturkie and co-workers (1959) selected birds for hypo- and hypertension 
over three generations. They were unable to significantly decrease the 
blood pressure of the hypotensive group, but blood pressure of the hyper­
tensive group was increased over the three year period by selective breeding. 
It appeared that heritability of blood pressure was high enough to make 
progress in selection. The heritability estimated by regression of off­
spring on mid-parent, with all three years and sexes pooled, averaged 0.28. 
Hypothermia was produced by Weiss (i960) by immersing laying hens in 
l6°C. water. Blood pressure of the hypothermic birds decreased linearily 
with decreasing body temperature until a body temperature of 33°C. was 
reached, after which the blood pressure decrease was more precipitous. 
Sturkie et al. (1962) reported that cardiac outputs, in birds one to 
one and one-half years old, were slightly higher in hypotensive birds but 
significantly higher only in females. Total peripheral resistance and 
stroke volume was higher in the hypertensive birds. They concluded that 
the chicken attempts to maintain a relatively constant blood pressure 
level by adjusting blood flow and resistance to meet existing conditions. 
30 
Krista et al. (196l) found that, after one week on experimental 
rations, increasing the protein level from 16 to 30 percent appeared to 
increase eleven-week-old Broad Breased White poults' blood pressure, while 
additions of 10 percent animal fat or animal fat and dietary cholesterol 
appeared to decrease blood pressure. 
Speckman and Ringer (1961) took direct blood pressure readings of 
unanesthetized turkeys and found that the blood pressures of reserpine-
treated males were lower than those of control males. Levels of 0.3 parts 
per million of reserpine in the ration reduced blood pressure but appeared 
to be approaching toxicity from a weight gains standpoint. 
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EXPERIMENTAL PROCEDURE 
Methods and Materials 
General management 
Vent-sexed male heavy-breed chickens (Ames-In-Cross) were used in 
all experiments. The chicks were started at one day of age in wire-
floored batteries with thermostatically controlled heating units in each 
deck. At four weeks of age the chicks were moved to intermediate non-
heated batteries and again at eight weeks of age the birds were moved to 
larger non-heated (finishing) batteries. The batteries were located in 
a room with heating facilities and adequate ventilation. 
Adequate waterer and feeder space was provided in all experiments. 
Water was available to the birds ad libitum. Feed was available ad libitum 
except as indicated later in experiments three and four. 
Method of taking blood pressure. 
HLood pressure readings were made similarly to the method described 
by Sturkie et al. (1957) • In work reported here the bird was laid on its 
breast with the legs protruding backward. The bird was covered with a 
wire cage as shown in Figure 1. The leg on which the blood pressure was 
to be measured was maintained in a pseudo-rigid position by a rubber band 
which extended flexibility if the bird struggled. A one-inch-wide rubber 
cuff was placed around the lower thigh of the bird and attached to an 
aneroid manometer, which gave the pressure readings in mm Hg. A condenser 
microphone (Infraton) used as a pulse pick-up was attached to the inside 
of the bird's shank by wrapping both the shank and pick-up with masking 
tape. The impulse from the pulse pick-up traveled to a control unit acting 
as a filtering device and pre-amplifier. The control unit could be set 
Figure 1. Obtaining the systolic blood pressure of a growing chick. 
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to select a maximum pulse pressure, minimum pulse pressure, pressure and 
sound, or pulse sound. The maximum pulse pressure setting was used on 
all the experiments reported here. The pulse pressure was relayed to an 
oscilloscope where wave deflections indicated a change in pulse pressures. 
The equipment used is illustrated in figure 1. 
Method of taking blood samples 
Immediately following blood pressure determinations, blood samples 
were collected by a cardiac puncture similar to that described by Hofstad 
(1950). The site of the puncture was about an inch ventral and posterior 
to the point of the keel. The needle was aimed through the angle formed 
by the sternum and left metastemum and towards the opposite (right) shoulder 
joint. Birds were laid on their back on the surface of a table with their 
legs extended posteriorly. The legs were held between the metacarpal of 
the thumb and the exterior palm of the operator's left hand. This left 
the fingers free to hold over the keel or to help manipulate the syringe. 
Blood samples were centrifuged to obtain the serum portion for serum 
cholesterol analysis. 
Chemical procedures 
Serum cholesterol Serum cholesterol analyses were done by 
modifications of the Zlatkis et al. (1953) method. In experiment one and 
two the cholesterol was extracted from the serum by a modification of the 
Schoenheimer and Sperry (1934) method. The extraction was performed as 
follows i 
1. Three milliliters of 1:1 acetone-95 percent ethanol we placed in 
a volumetric centrifuge tube and boiled. 
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2. After the acetone-ethanol solution cooled, 0.2 milliliter of serum 
was added and the centrifuge tube and its contents were agitated to break 
clumps of serum protein and facilitate extraction. 
3. The acetone-ethanol-serum solution was boiled. 
4. After the solution cooled it was made to a volume of 5*0 milliliters, 
mixed and centrifuged. After centrifuging, 1.6 milliliters of the super­
natant were removed for the color reaction. 
After a contaminated acetone supply gave irregular results in experiment 
two, the Zlatkis et al. (1953) method of extraction was used in experiments 
three and four. This extraction procedure was as follows : 
1. One tenth milliliter of serum was transferred to a clean test tube. 
2. Five milliliters of glacial acetic acid were added to the serum, 
followed immediately by the color reagent. 
The color reagent for all experiments was that of Rosenthal et al. 
(1957). The stock solution was made by dissolving 2.5 grams of FeClyôHgO 
in 100 milliliters of 87 percent phosphoric acid. Eight milliliters of 
stock solution were diluted to 100 milliliters with 98 percent sulfuric 
acid to give the color reagent. This color stock solution was found to 
be much more stable than the Zlatkis stock solution when compared by 
Qrimminger and Fisher (1958). 
Four milliliters of color reagent were added to the serum cholesterol 
extracts and carefully mixed. A color reaction occurred and after the 
solutions had returned to room temperature, in a temperature-controlled 
instrument room, optical density readings were made on the solutions using 
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a DU spectrophotometer. Serum cholesterol concentrations were calculated 
from a standard curve, recalibrated with each set of serum cholesterol 
analyses. 
Aorta cholesterol Aorta cholesterol determinations were made 
according to Daghir's (1962) modification of the method of Weiss (1959)# 
Segments of the abdominal and thoracic aortas from the same bird were 
combined and analyzed as one aorta sample weighing about 40 to 80 milligrams 
after being dried. The aortas were cleaned, ground and dried. After drying, 
the ground material was extracted in 10 milliliters of glacial acetic acid 
for 24 hours. This material was shaken occasionally during the extraction 
period. After 24 hours, the supernatant was collected and the precipitate 
washed with another 10 milliliters glacial acetic acid which was added to 
the original supernatant. A five milliliter aliquot of the supernatant 
was reacted with the color reagent as described in the section on serum 
cholesterol analysis. 
Vjyrualaort^score 
Aortas were fixed and stained by a modification of Geer et al.(1958). 
The aortas were fixed for 24 hours in a 10 percent neutral formalin solution, 
stained with a saturated solution of Sudan IV in equal parts of acetone and 
70 percent ethanol for 15 minutes, differentiated in 80 percent ethanol for 
20 minutes and washed in tap water. After staining, the aortas were scored 
visually by three individuals. A score of one indicated very little or no 
atherosclerosis, and a score of four indicated a very severe case of 
atherosclerosis. 
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Statistical methods 
A randomized block design was used for the four experiments reported. 
Data from these experiments were subjected to an analysis of variance or 
analysis of covariance as described by Snedecor (1956). If evidence for 
statistical differences was observed, such evidence will be pointed out 
in the text. If the analysis showed a statistically significant difference 
among treatments, Duncan's multiple range test (1955) was applied. 
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RESULTS AND DISCUSSION 
Experiment One^ 
Purpose 
This preliminary experiment was conducted as an orientation study to 
investigate the effect of adding varying levels of dietary cholesterol 
upon serum cholesterol concentrations, systolic blood pressure readings, 
growth and feed conversion. 
Procedure 
Sixty birds, five weeks old, were randomly assigned, within weight 
range groups, to ten experimental pens. The birds had been grown on the 
basal ration shown in Table 1. At five weeks of age they were placed on 
the following experimental rations : 
1. Basal (Table 1). 
2. Basal plus 0.5 percent crystalline cholesterol. 
3. Basal plus 1.0 percent crystalline cholesterol. 
4. Basal plus 1.5 percent crystal l.i.ne cholesterol. 
5» Basal plus 2.0 percent crystalline cholesterol. 
In the rations containing added cholesterol, the percent of com was 
reduced to allow for the cholesterol additions. Duplicate pens of chicks 
were used for each treatment. Individual body weights were taken at 5» 7. 
9 and 13 weeks of age, and feed consumption was computed for these periods. 
Blood pressures and blood samples were taken at 7, 9 and 13 weeks of age. 
•^•Poultry Science Series C-26, experiment 558. 
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Table 1. Composition of the basal ration used in experiment one. 
Ingredient Percent 
Com, ground yellow 62.5 
Soybean oil meal, dehulled, 50 percent protein 26.0 
Fish solubles, condensed 3.0 
Soybean oil 2.0 
Alfalfa meal, dehydrated, 20 percent protein 2.0 
Salt mixa 0.5 
Dicalcium phosphate 2.0 
Oyster shell, ground 1.0 
Vitamin and antibiotic mix'3 1.0 
Calculated Analysis0 
Protein, percent 20.76 
Fat, percent 5*02 
Crude fiber, percent 2.73 
Productive energy, Calories per pound 987 
Calcium, percent 1.04 
Phosphorous, percent 0.60 
aSalt mix consists of 95 percent feed grade NaCl and 5 percent feed 
grade manganese sulfate. 
bVitamin and antibiotic mix adds the following per pound of ration : 
Vitamin A 3,000 I.U. Vitamin D3 500 I.C.U. 
Vitamin K 1 mg. Vitamin E 5 I.U. 
Riboflavin 4 mg. Niacin 24 mg. 
Choline 300 mg. Vitamin 7*5 meg. 
Pantothenic acid 4 mg. Penicillin 5 mg. 
cAnalysis calculated from values in Titus (1961) and National Academy 
of Science-National Research Council (1956, 1958). 
Results and discussion 
The average body weights of the birds are given in Table 2 and comparison 
of the final average body weights shown in Figure 2. At thirteen weeks of age 
the dietary cholesterol tended to have heavier average body weights than the 
basal (Table 17). Dauber and Katz (1943) found that dietary cholesterol 
depressed body weight. 
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Birds receiving dietary cholesterol tended to have a lower feed 
requirement per unit of weight gain (Table 18). No apparent difference 
was observed among the different levels of dietary cholesterol. These 
data are shown in Table 2 and Figure 2. 
Table 2. Effect of varying dietary cholesterol levels on the growth and 
feed efficiency of growing chicks; experiment one. 
Age in Dietary Cholesterol Level (Percent) 
Weeks 0 0.5 1.0 1.5 2.0 
Average Body Weight in Grams 
5 620 622 636 639 634 
7 1010 1024 1059 1052 1092 
9 1277 1487 1497 1495 1455 
11 1579 1887 1879 1930 1866 
13 2185 2327 2345 2335 2396 
Accumulative Feed Per Unit Weight Gain 
3.82 3T2S 3%Ô3 3TÏÔ 3.11 
Serum cholesterol concentrations for the birds at 7» 9» 11 and 13 
weeks of age are given in Table 3 and Figure 3» The addition of cholesterol 
to the diets resulted in an apparent increase in serum cholesterol. After 
two weeks on treatment, at seven weeks of age, the basal birds serum 
cholesterol concentration tended to be lower than that of birds receiving 
dietary cholesterol. A significant treatment effect was found with a 
probability of less than 10 percent (Table 19). At 13 weeks of age the 
birds receiving basal ration tended to have lower serum cholesterol 
concentrations than the birds receiving dietary cholesterol (Table 20). 
The tendency toward an increase in serum cholesterol concentrations 
apparently due to the addition of dietary cholesterol was to be expected 
Figure 2. Effect of varying dietary cholesterol levels on the 13 week body 
weight and 5 to 13 week feed efficiency of growing chicks; 
experiment one. 
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Table 3« Effect of varying dietary cholesterol levels on the serum 
cholesterol concentrations of the growing chick; experiment one. 
Age in 
Weeks 
Dietary Cholesterol Level (Percent) 
0 0.5 1.0 1.5 2.0 
7 
9 
11 
13 
237 
303 
135 
177 
562 
400 
431 
268 
544 
507 
417 
354 
6l4 
517 
504 
385 
749 
633 
546 
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since it had been reported earlier by Wood (I960), Leveille et al. (1961), 
Wells et al. (1962), and others. 
The serum cholesterol concentrations of the birds receiving added 
dietary cholesterol did not seem to remain at the initial high concentrations. 
Similarly, Kendall (1951) found that dogs receiving dietary cholesterol 
showed a sharp increase in serum cholesterol concentrations followed by a 
gradual decrease. 
Two birds from each treatment were sacrificed at 13 weeks of age and 
the aortas studied. The average aorta color scores by treatment groups 
were as follow; Basal, 1.15; 0.5 percent cholesterol, 1.65; 1.0 percent 
cholesterol, 1.65; 1.5 percent cholesterol, 2.35; and the 2.0 percent 
cholesterol, 3*60. These data indicate an increase in atheroma due to the 
addition of dietary cholesterol to the ration of the growing chick. 
HLood pressure data, shown in Table 4 and Figure 4, indicate that the 
dietary cholesterol seemed to cause increases in systolic blood pressure. 
There were essentially no differences in the blood pressure readings at 
seven weeks of age, after two weeks on experimental rations, and at nine 
weeks of age only the 2.0 percent cholesterol ration was causing an 
Figure 3« Effect of varying dietary cholesterol levels on the serum 
cholesterol concentrations of the growing chick; experiment 
one. 
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Table 4= Effect of varying dietary cholesterol levels On the systolic 
blood pressure of growing chicks; experiment one. 
Age in Dietary Cholesterol Level (Percent) 
Weeks 0 0.5 1.0 JU5 2.0 
Systolic Blood Pressures; mm. Hg 
7 131 132 130 131 126 
9 153 143 156 154 177 
11 151 176 156 152 173 
13 142 162 162 162 159 
increase in blood pressure. This would indicate that it takes some time 
for the dietary cholesterol to result in increased systolic blood pressure. 
At the same time, the amount of dietary cholesterol received by the bird 
seems to have some effect on how soon the increased blood pressure appears. 
The higher levels of dietary cholesterol caused an increase in blood 
pressure earlier than the lower levels of cholesterol. When the blood 
pressure readings of the birds at 13 weeks of age were compared statistically 
there were no significant differences (Table 21). 
Experiment Two^ 
Purpose 
After establishing that dietary cholesterol tended to increase serum 
cholesterol and tended to increase systolic blood pressure, experiment two 
was designed to: 
1. Investigate the effects of fat sources (com oil, soybean oil, 
and white grease) on serum cholesterol concentrations and systolic 
blood pressure. 
2. Compare the effects of high dietary concentrations of various fats 
(12.5 percent) with dietary cholesterol (1.0 percent). 
^Poultry Science Series C-26, experiment 564. 
Figure 4. Effect of varying levels of dietary cholesterol oh the 
systolic blood pressure of the growing chick; experiment 
one. 
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Procedure 
The same number and type of chicks were used in experiment two as in 
experiment one. Sixty birds, four weeks of age, were randomly assigned, 
within body weight ranges, to ten experimental pens. These birds were fed 
the basal ration, Table 5» during the pre-experimental period starting at 
one day of age. 
The experimental treatments were as follow: 
1. Basal. 
2. One percent cholesterol. 
3. Twelve and one-half percent corn oil. 
4. Twelve and one-half percent soybean oil. 
5. Twelve and one-half percent white grease. 
These rations are shown in Table 5* 
Duplicate pens of chicks were used for each treatment. Individual body 
weights were taken at 4, 8, 10, 12 and 14 weeks of age. Blood pressures 
and blood samples were taken at 8, 10, 12 and 14 weeks of age. 
Results and discussion 
The effect of high levels of various fats and of cholesterol on 
average body weights and feed required per unit weight gain are shown in 
Table 6. The 14-week body weights and 4-to 14-week feed conversions are 
compared in Figure 5« Vegetable oils tended to increase the average body 
weights after 12 weeks of age, while dietary cholesterol resulted in a 
slight growth depression after the 8th week of age (Table 22). 
Feed required per unit gain was higher (P C 0.01) for the basal and 
dietary cholesterol treatments than for the rations with a high concentration 
Table 5» Composition of the rations used in experiment two. 
Ingredient Basal Cholesterol Corn Oil Soybean Oil White Grease 
> Percent 
Corn, ground yellow 62.5 61.5 52.0 52.0 52.0 
Soybean oil meal, dehulled, 50$ protein 26.0 26.0 26.0 26.0 26.0 
Fish solubles, condensed 3.0 3.0 3.0 3.0 3.0 
Alfalfa meal, dehydrated, 20$ protein 2.0 2.0 2.0 2.0 2.0 
Salt mixa 0.5 0.5 0.5 0.5 0.5 
Dicalcium phosphate 2.0 2.0 2.0 2.0 2.0 
Oyster shell, ground 1.0 1.0 1.0 1.0 1.0 
Vitamin and antibiotic mix*3 1.0 1.0 1.0 1.0 1.0 
Soybean oil 2.0 2.0 — 12.5  —— 
Com oil — —  —— 12.5 —— —— 
White grease —— — — — — —  12.5 
Cholesterol —  —  1.0 — — 
—— 
—  —  
Calculated Analyses0 
Protein, 1° 20.76 20.66 19.69 19.69 19.69 
Fat, $> 5.02 4.97 15.07 15.07 15.07 
Crude fiber, <f> 2.73 2.70 2.48 2.48 2.48 
Productive energy, Calories per pound 987 976 1076 1175 1151 
Calcium, $ 1.04 1.04 1.04 1.04- 1.04 
Phosphorous, $ 0.60 0.60 0.59 0.59 0.59 
aSalt mix consists of 95 percent feed grade NaCl and 5 percent feed grade manganese sulfate. 
b Vitamin and antibiotic mix adds the following per pound of ration : 
Vitamin A 3,000 I.U. Vitamin D3 500 I.C.U. Niacin 24 rag. 
Vitamin K 1 mg. Vitamin ET 5 I.U. Vitamin 7«5 meg. 
Riboflavin 4- mg. Pantothenic acid 4 mg. Penicillin 5 mg. 
Choline 300 mg. 
cAnalyses calculated from values in Titus (1961) and National Academy of Science-National Research 
Council (1956, 1958). 
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Table 6. Effect of various fat sources and cholesterol on the growth 
and feed efficiency of growing chicks ; experiment two. 
Age in 
Weeks Basal Cholesterol Corn Oil Soybean Oil White Grease 
Average Body Weight in Grams 
4 605 606 60 5 606 606 
8 1403 1344 1416 1390 1430 
10 1926 1859 1940 1932 1890 
12 2351 2331 2461 2420 2252 
14 2816 2770 2904 2854 2815 
Accumulative Feed Per Unit Weight Gain 
4^14 3.5la 3.70b 2.74e 3.08d 2.81® 
a and b were significantly different from c» and e (P C 0.01). 
c was significantly different from ^  (P C 0.05). 
of fat (Table 23). This is in accord with the general assumption that, up 
to a point of diminishing returns, feed conversion is proportional to the 
level of fat in the ration. Chicks fed the ration with added cholesterol 
required slightly more (but not significantly more) feed per unit gain than 
the basal. This was in contrast to the observations in experiment one. 
This may have been because of the lower rate of body weight gain for the 
cholesterol treatment than for the basal in experiment two. The birds 
receiving the ration containing 12.5 percent corn oil required less feed 
per unit gain (P < 0.05) than the birds receiving the 12.5 percent soybean 
oil treatment. This may have resulted from the slightly greater body 
weight gains of the birds on the corn oil treatment. However, due to the 
small differences in body weight gains it is doubtful if this is the entire 
cause of the feed conversion differences. 
Figure 5. Effect of various fat sources and cholesterol on 14-week body-
weight and week feed efficiency of growing chicks ; 
experiment two. 
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ELccd ssrua choiestsrcl-«analyses were made on the cards in experiment 
X 
tfro. When the actual cholesterol concentrations were calculated from the 
X. 
standard curve at the end of the experiment very unrealistic values were 
obtained with extreme variations within tre'Maaent. After some further 
studies it was concluded that a contaminated acetone supply was the source 
of trouble. The actual serum cholesterol concentration values were 
so extremely high and variable that they are not reported heré
€ 
The blood pressure data from experiment two are given in Table 7 and 
Figure 6. BLood pressures at 8 weeks of age were not as high as at a 
later age, indicating some increase in blood pressure due to age. Some 
increase was also due to treatment effect as shown by the different rates 
of blood pressure increase between the basal and treated groups. The first 
measures were made after the birds had been on treatment for four weeks 
and by this time the birds fed experimental diets had somewhat higher blood 
pressures than those fed the basal diet. 
At 14 weeks of age, after 10 weeks on treatment, there was a trend 
toward higher blood pressure for the birds on experimental diet (Table 24). 
The white grease treatment resulted in blood pressure similar to that 
caused by 1 percent dietary cholesterol. Chicks receiving 1 percent 
dietary cholesterol tended to have higher blood pressures than those on 
the basal treatment. The corn oil and soybean oil treatment tended to 
give blood pressures higher than the white grease or dietary cholesterol 
treatments. The birds receiving the 12.5 percent white grease treatment 
had higher blood pressures at tfie eighth week, but did not increase as 
rapidly from eight to fourteen weeks as those on the other experimental 
treatments. This may have resulted from an earlier rise in blood 
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Table 7» Effect of various fat sources and cholesterol on the systolic 
blood pressure of growing chicks; experiment two. 
Age in 
Weeks Basal Cholesterol Corn Oil Soybean Oil White Grease 
Systolic Blood Pressures: am. He 
8 129 140 146 144 157 
10 144 159 164 146 156 
12 145 166 158 174 162 
14 142 168 181 182 164 
pressure due to white grease than from the other experimental treatments. 
Krista et al. (l96l) reported that poults on animal fat or animal fat and 
cholesterol exhibited a lower blood pressure than the control poults. 
However, these measures were taken after only one week on the experimental 
rations so probably the dietary effects were not discernable that early in 
the experiment. 
Experiment Three^ 
Purpose 
This experiment was conducted to measure the effect on serum cholesterol 
and blood pressure of (l) graded levels of soybean oil in the ration, and 
(2) limiting feeding time. Also, it was hoped to confirm the effects of 
high concentrations of vegetable fat in the ration as shown in experiment two. 
Procedure 
At four weeks of age after a four-week pre-experimental period on the 
basal diet shown in Table 8 sixty birds were randomly assigned, within 
^Poultry Science Series C-26, experiment 580. 
1 
Figure 6. Effect of various fat sources and cholesterol on the systolic 
blood pressure of growing chickens ; experiment two. 
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Table 8. Composition of the rations used in experiment three. 
Soybean Oil in Ration (Percent) 
Ingredient 0 5 10 15 10 iso to 5 
Percent 
Corn, ground yellow 64.5 59.5 54.5 49.6 40.3 
Soybean oil meal, dehulled, 50$ protein 26.0 26.0 26.0 26.0 29.1 
Soybean oil — —  5.0 10.0 15.0 10.0 
Fish solubles, condensed 3.0 3.0 3.0 3.0 3.0 
Alfalfa meal, dehydrated, 20$ protein 2.0 2.0 2.0 2.0 2.0 
Salt mixa 0.5 0.5 0.5 0.5 0.5 
Dicalcium phosphate 2.0 2.0 2.0 2.0 2.0 
Oyster shell, ground 1.0 1.0 1.0 1.0 1.0 
Vitamin and antibiotics mix" 1.0 1.0 1.0 1.0 1.0 
Cellulose —— —— — —  — 11.1 
Calculated Analyses0 
Protein, $ 20.97 20.46 19.95 19.44 20.05 
Fat, $ 3.11 7.90 12.68 17.47 12.08 
Crude fiber, $ 2.78 2.66 2.54 2.42 13.39 
Productive energy, Calories per pound 951 1040 1130 1220 998 
Calcium, $ 1.04 1.04 1.04 1.04 1.04 
Phosphorous, $ 
J- - - -
0.60 0.59 0.59 0.59 0.61 
aSalt mix consists of 95 percent feed grade NaCl and 5 percent feed grade manganeso sulfate. 
bVitamin and antibiotic mix adds the following per pound of ration : 
Vitamin A 3,000 I.U. Vitamin Do 500 I.C.U. Niacin 24 mg. 
Vitamin K 1 mg. Vitamin ET 5 I.U. Vitamin 7*5 meg. 
Riboflavin 4 mg. Pantothenic acid 4 mg. Penicillin 5 mg. 
Choline 300 mg. 
cAnalyses calculated from values in Titus (1961) and National Academy of Science-National Research 
(1956, 1958). 
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weight range groups, to ten experimental pens. Duplicate pens received each 
of the following rations. 
1. Basal. 
2. Five percent soybean oil. 
3. Ten percent soybean oil. 
4. Fifteen percent soybean oil. 
5. Ten percent soybean oil, approximately isocaloric and isopro-
teinacious to the 5 percent soybean oil ration. 
These rations are shown in Table 8. 
Duplicate pens of birds were fed each ration treatment. The replications 
differed in that replication one could eat ad libitum and replication two had 
feed available only between seven and eight o'clock in the morning and 
between three and four o'clock in the afternoon. This was to simulate 
"nibbling" or "snacking" at will, and two "meals" each day. Comparisons 
were made between groups fed similar rations under the two systems. 
Individual body weights were taken at 4, 6, 8, 10, 12, 14 and 16 weeks 
of age and feed consumption was compiled for this 4- to 15-week period. 
Individual serum cholesterol and blood pressure measurements were made at 
8, 10, 12, 14 and 16 weeks of age. 
Results and discussion 
To adjust for any differences due to the system of feeding, an analysis 
of covariance was used in place of an analysis of variance to statistically 
analyze experiment three. However, since the analysis of covariance tests 
were not significant, only analysis of variance tables are shown in the 
appendix, and all conclusions are based on the analysis of variance. 
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Since there was no replication of the feeding time treatments, no interaction 
tests were possible. 
The average body weights and feed conversions of the birds are shown 
in Table 9 and Figure 7. Growth rate increased as the concentration of 
soybean oil in the ration increased up to 10 percent oil. However the 
average body weights of the birds receiving the 15 percent oil rations 
were slightly lower than the average body weights of the birds receiving 
10 percent oil rations. Since weights of birds receiving 15 percent oil 
were only slightly lower than weights of birds receiving 10 percent oil, 
the optimum concentration of soybean oil in the ration would appear to be 
between 10 and 15 percent. It is quite possible that interaction effects 
(which could not be evaluated statistically) may have masked the treatment 
effects of either concentration of soybean oil in the ration or feeding 
time, so that the treatment differences were not found to be significant 
(Table 25). In examining the raw data it is quite apparent that an 
interaction occurred between the feeding time and the level of soybean oil 
in the ration. As percent soybean oil increased, less difference was 
found between the groups receiving the same ration ad libitum or on a 
limited basis. 
The average body weights of the birds eating ad libitum ware greater 
than the weights of birds with limited access to feed. However, this 
difference in average body weights occurred early in the experimental 
period. After an apparent adjustment, the difference between the groups 
remained constant at approximately 200 grams. Ringrose (1958) found 
that by limiting the feeding time to four hours, very little restriction 
of feed intake was obtained. Tomhave (1958) found, under similar 
Table 9» Effect of graded levels of dietary soybean oil and feeding time on the growth and feed 
efficiency of growing chicks; experiment three. 
Age in Soybean Oil in Ration (Percent) Average Over-all Treatment: 
Weeks 0 5 10 15 10 iso to 5 M libitum limited 
Average Body Weight in Grams 
4 480 478 460 480 479 480 479 
6 742 756 756 786 717 821 682 
8 1042 1070 1114 1150 1058 1158 1006 
10 1398 1454 1566 1542 1454 1585 1382 
12 1762 1678 1976 1919 i860 1986 1769 
14 2152 2302 2437 2344 2219 2402 2192 
16 2630 2758 2920 2761 2662 2868 2627 
Accumulative Feed Per Unit Weight Gain 
4-16 3.32 2.97 2.84 2.74 3.04 3.01 2.96 
Figure ?. Effect of graded levels of dietary soybean oil on 16 week body weight and 4 to 16 week feed 
efficiency of growing chicks; experiment three. 
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circumstances, that the birds with limited feeding time ate 93 to 95 percent 
as much as full-fed birds. Lepkovsky et al. (i960) reported that birds had 
the ability to adapt feed intake to the limited time that feed was available. 
Their chicks were trained to consume their normal daily feed intake in two 
hours. The birds in the experiment reported here had feed available to 
them for two one-hour periods each day. After an adjustment period they 
should have been able to consume the normal amount of food. That they made 
this adjustment is indicated by the growth pattern. 
The feed required per unit gain from four to sixteen weeks of age was 
reduced (but not significantly) as the percent soybean oil increased in 
the ration (Table 26). The high feed conversion value for the ration con­
taining 10 percent oil but approximately isocaloric and isoproteinacious 
to the 5 percent oil ration was probably a result of the 11.1 percent 
cellulose in this ration. The accumulative feed conversion for this period, 
for the birds with limited feeding time, was slightly lower than the feed 
conversion for the birds eating ad libitum. This small difference may have 
been due to the slightly smaller weight gains of the birds with limited 
feeding time since for the growing chick, feed conversion and rate of 
growth are related. 
Serum cholesterol concentrations for birds at 8, 10, 12, 14 and 16 
weeks of age are shown in Table 10 and Figure 8. A consistent increase in 
serum cholesterol was not found when the soybean oil concentration of the 
ration was increased. Neither did the available eating time seem to affect 
serum cholesterol concentration (Table 27). However, these rations did 
not have added dietary cholesterol as did the rations fed by Cohn (1961) 
Table 10. Effect of graded levels of dietary soybean oil and feeding time on the serum cholesterol 
concentrations of growing chicks; experiment three. 
Age in Soybean Oil in Ration (Percent) Average Over-all Treatments 
Weeks 0 5 10 15 10 iso to 5 Ad libitum Limited 
Serum Cholesterol Concentration; mg. Percent 
8 150 160 162 156 144 155 155 
10 166 162 156 161 161 160 163 
12 144 146 148 170 144 151 151 
14 156 160 148 170 156 156 l6o 
16 138 151 142 142 130 143 138 
figure 8. Effect of graded levels of dietary soybean oil and feeding 
time on the serum cholesterol concentration of growing 
chicks; experiment three. 
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when he reported higher serum cholesterol concentration when the time feed 
was available to the birds was reduced. The interaction between soybean 
oil level and feeding time may have masked effects such as those reported 
by Cohn. 
Blood pressure data collected immediately prior to the taking of blood 
serum samples are shown in Table 11 and Figures 9 and 10. The blood pressures 
tended to increase as the percent soybean oil in the ration increased. When 
these data were analyzed by an analysis of variance the probability that 
the differences were due to chance was just slightly greater than 0.10 
(Table 28). Although we might question the significance of this value it 
certainly confirms the trend shown. Again the inability to measure an 
interaction term may possibly be the reason for not obtaining a more signifi­
cant difference for these values. There was no consistent difference between 
blood pressure of birds with limited feeding time and the birds eating 
ad libitum. 
Aorta cholesterol concentrations are shown in Table 12. There is a 
tendency for soybean oil in the ration to increase aorta cholesterol 
concentrations (Table 29)» When the concentrations for the birds eating 
ad libitum were averaged and the concentrations for the birds receiving 
feed for a limited time were averaged there was an apparent difference. 
It appears an interaction between level of soybean oil in the ration and 
eating time may have existed. If so, the interaction may have masked the 
significance of the treatments. 
Table 11. Effect of graded levels of dietary soybean oil and feeding time on the systolic blood 
pressure of growing chicks ; experiment three. 
Age in Soybean Oil in Ration (Percent) Average Over-all Treatments 
Weeks 0 5 10 15 10 iso to 5 Ad libitum limited 
Systolic Blood Pressure: mm. Hg 
8 122 110 134 137 118 124 124 
10 126 132 140 148 135 140 133 
12 126 136 146 148 143 143 138 
14 130 143 146 150 137 140 143 
16 139 162 160 152 146 153 151 
Figure 9» Effect of graded levels of dietary soybean oil on the systolic 
blood pressure of growing chicks; experiment three. 
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ïigure 10. Effect of feeding time on the systolic blood pressure of 
growing chicks; experiment three. 
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Table 12. Effect of graded levels of dietary soybean oil and limited 
feeding time on aorta cholesterol concentration. 
Level of Soybean Oil Aorta Cholesterol 
in the Diet (mg./lOO g. dry matter) 
0 588 
5 851 
10 684 
15 778 
10 iso to 5 778 
Ad. libitum eating 681 
limited eating 795 
Experiment Four^ 
Purpose 
This experiment was designed to study the effects of various types of 
dietary restrictions or "dieting" on serum cholesterol concentrations, 
systolic blood pressure, growth and feed conversion. 
Procedure 
One hundred, one week-old cockerels were randomly assigned, within 
weight range groups, to ten experimental pens. The birds were started on 
the following experimental rations (Table 13) at one week of age. 
1. Basal ration, available ad libitum. 
2. Basal ration, fed daily as 70 percent of ad libitum consumption. 
3. High fiber ration containing 30 percent cellulose. 
4. Restricted protein ration that was iso-caloric to the basal, 
but contained only 70 percent of the protein level of the basal. 
5. Restricted energy ration that was iso-proteinacious to the basal, 
but contained only 70 percent of the energy level of the basal. 
^Poultry Science Series C-26, experiment 581. 
Table 13. Composition of the rations used in experiment four. 
Ingredient Basal High Fiber Restricted Protein Restricted Energy 
Percent 
Corn, ground yellow 62.5 43.8 77.4 34.0 
Soybean oil meal, dehulled, 50# protein 26.0 18.2 12.0 30.6 
Soybean oil 2.0 1.4 — 2.0 
Fish solubles, condensed 3.0 2.1 3.0 3.0 
Alfalfa meal, dehydrated, 20# protein 2.0 1.4 2.0 2.0 
Salt mix3- 0.5 0.3 0.5 0.5 
Dicalcium phosphate 2.0 1.4 2.0 2.0 
Oyster shell, ground 1.0 0.7 1.0 1.0 
Vitamin and antibiotic mix" 1.0 0.7 1.0 1.0 
Cellulose 
— 
30.0 1.1 2U.9 
Calculated Analyses0 
Protein, $> 20.76 14.54 15.29 20.12 
Fat, % 5.02 3-51 3.57 3.82 
Crude fiber, $ 2.73 31.91 2.69 26.07 
Productive energy, Calories per 
pound 987 693 984 709 
Calcium, $ 1.04 0.70 1.00 0.97 
Phosphorous, $ 0.60 0.42 0.51 0.61 
aSalt mix consists of 95 percent feed grade NaCl and 5 percent feed grade manganese sulfate. 
kVitamin and antibiotic mix adds the following per pound of ration when added at 1 percent of 
the total ration. 
Vitamin A 3,000 I.U. Vitamin D3 500 I.C.U. Niacin 24 mg. 
Vitamin K 1 mg. Vitamin E 5 I.U. Vitamin B^g 7*5 meg. 
Riboflavin 4 mg. Pantothenic acid 4 mg. Penicillin 5 mg. 
Choline 300 mg. 
cAnalyses calculated from values 
Council (1956, 1958). 
in Titus (1961) and National Academy of Science-National Research 
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Duplicate pens of chicks were used for each treatment. Body weights 
were taken weekly to eight weeks of age and bi-weekly from eight to six­
teen weeks of age. Serum cholesterol concentrations were determined at 
bi-weekly intervals from two to sixteen weeks. The serum cholesterol 
concentrations of chicks at two weeks of age were from pooled samples 
within a pen, while all later determinations were from individual bird 
serum samples. At eight weeks of age the ten birds per pen were randomly 
reduced to six birds per pen and blood pressures determined bi-weekly from 
eight to sixteen weeks. Feed consumption was recorded throughout the 
entire experiment from one to sixteen weeks. 
Results and discussion 
Average body weights and accumulative feed conversions are shown in 
Table 14 and Figure 11. At sixteen weeks of age the average body weights 
of the groups receiving the basal ad libitum and the restricted protein 
ration were not found to be significantly different, but were higher than 
the other average body weights (P< 0.05) (Table 30). The average body 
weights of birds receiving 70 percent of the basal ad libitum consumption 
and the restricted energy ration were not found to be significantly 
different from each other, but were different from the other average body 
weights (P < 0.05). The poorer growth obtained from the high fiber ration 
was probably due to the high level of cellulose in the ration. Nichols 
(i960) found that birds eight weeks of age and older were able to eat more 
feed and thus counteract some of the effect of the high cellulose ration. 
The feed consumed per pound of gain was not significantly different 
between the high fiber or the restricted energy rations, nor between the 
basal ad libitum or the restricted protein ration (Table 31)• However, 
there was a significant difference between the feed consumed per 
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Table 14. Effect of dietary restriction on growth and feed efficiency 
of growing chicks ; experiment four. 
Age in Basal 70# of Basal High Restricted Restricted 
Weeks Ad Libitum Ad libitum Fiber Energy Protein 
Average Body Weight in Grams 
1 89 89 89 89 89 
2 168 140 13? 148 l6l 
3 292 208 209 244 264 
4 422 241 295 352 370 
5 538 338 384 467 466 
6 76 2 520 500 606 627 
7 946 644 636 752 775 
8 1137 824 797 924 962 
10 1508 1211 1008 1212 1284 
12 1894 1554 1274 1608 1678 
14 2340 1954, 1642 2034 2178 
16 2658a 2209° 1984e 2302e1 2550e 
Accumulative Feed Per Unit Weight Gain 
1-16 3.05f 2.616 4.68h 4.581 3.093 
a and 6 were different from 0 and ^ (P < 0.05). 
b and ^ were different from c (P < 0.05). 
h and i were different from ^» S and J (P < 0.01). 
^ and Î were different from S (p ^  0.05). 
pound of gain for the high fiber or the restricted energy rations and the 
basal ad libitum or the restricted protein rations (P ( 0.01). The birds 
receiving 70 percent of the feed consumed by the basal ad libitum group 
consumed less feed per pound of gain than the other treatment groups 
(P 0.05). Although these birds were restricted enough to reduce their 
body weight, apparently they made more efficient use of the feed available 
to them. A significant difference was found for the average body weight 
(P < 0.05) and for feed conversion (P { 0.01) between the energy restricted 
group and for the protein restricted groups. This would tend to indicate 
ïlgure II. Effect of dietary restriction on 16 week body weight and 1 
to 16 week feed conversion of growing chicks; experiment four. 
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that the basal ration should have contained more energy for the protein 
furnished, or less protein for the energy furnished. The most apparent 
indication was for less protein with the energy furnished. 
The serum cholesterol concentrations are shown in Table 15 and Figure 
12. Serum cholesterol concentrations at 16 weeks of age of birds receiving 
more severe forms of restriction, 70 percent of basal ad libitum and high 
fiber, tended to be slightly higher than for the birds receiving the basal 
ad libitum, or the restricted energy or restricted protein (Table 32). 
Katz (1951) concluded that under-nutrition was not protective against 
hypercholesteremia. 
The early peak in serum cholesterol concentration reported earlier by 
Nichols et al. (1962) is evident here. The serum cholesterol concentration 
appeared to peak at about four weeks of age and then decreased to about 14 
weeks of age where it began an upward trend toward l6 weeks of age; Figure 
12. 
Blood pressure data at 16 weeks of age are shown in Table 16 and 
Figure 13. Examination of the data indicates that larger differences 
existed among groups in blood pressures at 16 weeks of age than at earlier 
times. It is possible that differences were just beginning to develop 
at the termination of the experiment (Table 33)* 
The data presented from experiment four would tend to refute the 
theory that general dietary restriction or dietary restriction of either 
energy or protein would reduce serum cholesterol or blood pressure. 
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Table 15. Effect of dietary restriction on serum cholesterol concentrations 
of growing chicks ; experiment four. 
Age in Basal ?0# of Basal High Restricted Restricted 
Weeks Ad Libitum Ad Libitum Fiber Energy Protein 
Serum Cholesterol Concentration; mg. H> 
2 188 184 196 176 206 
4 192 212 190 179 196 
6 156 182 161 146 176 
8 154 179 175 164 144 
10 139 154 175 146 162 
12 128 152 160 156 158 
14 140 151 154 136 150 
16 164 186 188 158 162 
Table 16. Effect of dietary restriction on systolic blood pressure of 
growing chicks; experiment four. 
Age in Basal 70# of Basal High Restricted Restricted 
Weeks Ad libitum Ad Libitum Fiber Energy Protein 
Systolic Blood Pressure; mm. Hg 
8 130 118 128 120 125 
10 121 135 120 111 134 
12 138 129 137 124 135 
14 142 133 138 122 135 
16 163 152 144 144 175 
Figure 12. Effect of dietary restriction on serum cholesterol concentrations of growing chicks; 
experiment four. 
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Figure 13» Effect of dietary restriction on systolic blood pressure 
of the growing chick; experiment four. 
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GcifjjbEaL DISCUSSION 
Dietary Effects on Serum Cholesterol 
and Blood Pressure 
Effect of dietary cholesterol on serum 
cholesterol and blood pressure 
Additions of dietary cholesterol tended to increase the serum 
cholesterol concentrations in these trials. This had been reported 
earlier by Dauber and Katz (19^3) and Sutton et al. (1958). 
Dietary cholesterol failed to increase systolic blood pressure sig­
nificantly in experiment one as compared with the basal. In experiment 
One, birds receiving dietary cholesterol tended to have higher blood 
pressures at 13 weeks of age. Greater differences were shown at 9 and 
11 weeks of age than at 13 weeks of age (see Figure 4). The data were 
not statistically analyzed for 9 and 11 weeks determinations* In ex­
periment two, the addition of dietary cholesterol tended to increase 
blood pressure as compared with the basal ration. One would conclude 
from these data that dietary cholesterol has a tendancy to increase 
systolic blood pressure. 
Effect of fats on serum cholesterol and blood pressure 
The serum cholesterol values for experiment two were lost as dis­
cussed earlier, therefore, a comparison of the effect of various fats on 
serum cholesterol is impossible with the available data. In experiment 
three, dietary soybean oil did not consistently increase serum cholesterol 
concentrations at 16 weeks of age. However, upon examination of Figure 8 
one finds that at several ages the birds fed rations containing 10 or 15 
percent soybean oil tended to have somewhat higher serum cholesterol 
concentrations than the birds fed the basal ration. 
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It was found in experiment two that high levels of corn oil and soybean 
oil in the ration resulted in systolic blood pressures at 14 weeks of age 
which tended to be higher than those of the birds fed the basal ration. 
Blood pressures of birds fed a high level of white grease were somewhat 
higher than the blood pressures of birds fed the basal ration. In experi­
ment three there appeared to be an increase in blood pressure due to in­
creasing soybean oil levels in the ration, but this was not found to be 
significantly different by analysis of variance. If the interaction sum 
of squares could have been calculated and removed from the error sum of 
squares term in the analysis of covariance it might have reduced the 
error mean squares term enough to give a statistical significance to the 
apparent increase in systolic blood pressure due to increasing levels of 
dietary soybean oil. 
Effect of dietary restriction on serum 
cholesterol and blood pressure 
Neither restriction of time that feed was available nor limitation of 
nutrients affected serum cholesterol concentration or systolic blood pressure 
significantly at 16 weeks of age. However, some forms of nutrient limitations, 
such as the high fiber ration and the 70 percent of ad libitum consumption, 
seemed to cause higher serum cholesterol concentrations. The restricted 
energy ration resulted in serum cholesterol concentrations quite close to 
the serum cholesterol concentrations of the basal birds. limiting the 
time that feed was available to the birds did not seem to affect either 
serum cholesterol concentration or systolic blood pressure. It was thought 
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that after a short initial period the birds adjusted for the limited time 
that feed was available and consumed the normal amount in the limited time. 
The body weight data also indicate that such adjustment was made. These 
data agree with the findings of Lepkovsky et al. (i960) that a chick can 
adjust to eat its normal amount of feed in two hours a day. Therefore, 
limiting the time that feed was available did not restrict the intake after 
the initial adjustment period. The birds consuming the restricted energy 
ration seemed to consistently have a lower systolic blood pressure than the 
basal group of birds on the other restriction treatments. Although this 
difference was not statistically significant it should merit a further 
study of the effect of calorie : protein ratios on serum cholesterol 
concentrations and systolic blood pressures. 
When the mean squares of the pens within treatment and chicks within 
pen were compared in experiment four the respective mean squares were 
4,112 and 1,122. This indicates that the largest source of error was 
between pens within treatment. In future experiments it might be 
advisable to consider using fewer birds per pen and more pens per 
treatment to aid in obtaining significant differences, statistically. 
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SUMMARY 
The effect of dietary cholesterol, high levels of corn oil, soybean 
oil, or white grease, and dietary restriction on serum cholesterol con­
centrations and systolic blood pressures were studied in a series of four 
experiments. The effects of these variables on growth and feed conversion 
were also measured. 
The addition of cholesterol to the rations of growing birds tended 
to increase the growth rate and reduce the amount of feed required per 
unit weight gain. The additions of high levels of fats to the rations 
failed to significantly increase average body weight, although a trend 
towards higher body weights for high levels of the vegetable fats was 
apparent. Feed conversions were significantly improved by the addition 
of 12.5 percent fat to the rations. 
limiting the feeding time appeared to reduce body weight gains during 
an adjustment period, after which there was little difference in the rates 
of gain. At 16 weeks of age there was no statistical differences in body 
weights nor feed conversion. When nutrient intake was limited, differ­
ences in both growth rate and feed conversions were significantly differ­
ent from the basal ad libitum. There was a slight reduction in body 
weight when the protein was limited to 70 percent of the basal protein 
level. A more pronounced reduction in body weights occurred when 
the energy level was restricted to 70 percent of the basal energy 
level, or when the total intake was limited to 70 percent of the 
basal ration consumption. An even greater reduction in body weight 
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occurred when the ration contained 30 percent cellulose. The best feed 
conversion occurred with the treatment where the available feed was limited 
daily to 70 percent of the consumption of the basal ad libitum consumption. 
Feed required per pound of gain was significantly higher for the birds 
receiving the basal ad libitum (P<0.05)» restricted protein (P<0.05)i 
high fiber (P<0.01), and restricted protein (F<0.01) than for the birds 
receiving 70 percent of the ad libitum consumption. The high cellulose 
contents of the high fiber and restricted energy rations was probably the 
cause for the poor feed conversion. 
The addition of crystalline cholesterol to the rations increased serum 
cholesterol concentrations consistently. Increasing the dietary concentration 
of soybean oil did not seem to affect the serum cholesterol concentration. 
An unmeasureable interaction may have masked some of the effects of increasing 
levels of soybean oil in the statistical analysis. Dietary restriction in 
the forms tried did not significantly affect serum cholesterol concentrations. 
However, there was a trend toward higher serum cholesterol concentrations 
in chicks when feed was restricted with the exception of the restricted 
energy group. 
Dietary Cholesterol consistently increased systolic blood pressure 
towards the end ef the experiments. Evidence for statistical difference 
was not available in ene experiment, but a statistical difference was 
obtained in the second experiment. High levels of corn oil and soybean 
oil tended to increase the blood pressure more than the same high level 
of white grease, however, all three treatments resulted in a tendancy 
towards higher blood pressures than the basal ration. 
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There was no apparent effect of limitation of eating time on the systolic 
blood pressure. Evidence was not found for a statistical difference between 
the effect of dietary restriction methods on blood pressure. However, the 
restricted energy ration consistently produced lower systolic blood pressures 
than the other treatments. 
The addition of graded levels of cholesterol to the ration increased 
the visual aorta scores of the birds. When high levels of soybean oil were 
added to the diet it resulted in a tendancy for higher aorta cholesterol 
concentrations. 
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APPENDIX 
Table 1?. Analysis of variance of chick weights; experiment one. 
Source of Variation d.f. Die S• F 
Total 9 
Replicate 1 41602 2.900 
Treatment 4 13576 0.947 
Error 4 14342 
Table 18. Analysis of variance of feed efficiencies; experiment one. 
Source of variation d.f. Iîle S • F 
Total 9 
Replicate 1 0.0900 1.080 
Treatment 4 0.1963 2.357 
Error 4 
Table 19. Analysis of variance of serum cholesterol concentrations; 
experiment one, seven weeks of age. 
Source of variation d.fr - m. s. F 
Total 9 
Replicate 1 14138 0.827 
Treatment 4 72587 4.244 
Error 4 17105 
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Table 20. Analysis of variance of serum cholesterol concentrations, 
experiment one, thirteen weeks of age. 
Source of variation d.f. Hie s# F 
Total 9 
Replicate 1 29 0.003 
Treatment 4 19193 1.6?4 
Error 4 11462 
Table 21. Analysis of variance of systolic blood pressures; experiment 
one. 
Source of variation d.f. m# s • F 
Total 9 
Replicate 1 17 0.088 
Treatment 4 143 0.737 
Error 4 194 
Table 22. Analysis of variance of chick weights; experiment two. 
Source of variation d.f. Ml* S » F 
Total 9 
Replicate 1 14977 1.760 
Treatment 4 4992 0.587 
Error 4 8510 
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Table 23* Analysis of variance and multiple range test of feed efficiencies; 
experiment two. 
Source of variation d.f. m.s. F 
Total 9 
Replicate 1 0.0058 0.337 
Treatment 4 0.3601 20.936 
Error 4 0.0172 
Treatment Corn Oil White Grease Soybean Oil Basal Cholesterol 
Feed efficiency* 2.74 2.81 3.08 3-51 3.70 
P< 0.05 == 
P< 0.01 
aValues not underlined by the same line were found to be different 
at the level indicated. 
Table 24. Analysis of variance of systolic blood pressures; experiment 
two. 
Source of variation d.f. m.s. F 
Total 9 
Replicate 1 84 0.416 
Treatment 4 540 2.673 
Error 4 202 
Table 25. Analysis of variance of chick weights; experiment three. 
Source of variation d.f. ra. s # F 
Total 9 
Replicate 1 140,897 4.732 
Treatment 4 25,641 0.861 
Error 4 29,776 
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Table 26. Analysis of variance of feed efficiencies; experiment three. 
Source of variation d.f. m.s. F 
Total 9 
Replicate 1 0.0058 0.248 
Treatment 4 0.0958 4.940 
Error 4 0.0234 
Table 2?. Analysis of variance on serum cholesterol concentrations; 
experiment three. 
Source of variation d.f. m.s. F 
Total 9 
Replicate 1 48.00 0.381 
Treatment 4 124.00 0.984 
Error 4 126.00 
Table 28. Analysis of variance on systolic blood pressures; experiment 
three. 
Source of variation d.f. m.s. F 
Tot&l 9 
Replicate 1 14.00 0.076 
Treatment 4 182.00 0.989 
Error 4 184.00 
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Table 29. Analysis of variance of aorta cholesterol concentration; 
experiment three. 
Source of variation d.f. m.s. F 
TOtal 9 
Replicate 1 34490 2.448 
Treatment 4 21410 1.519 
Error 4 14091 
Table 30. Analysis of variance and multiple range test of chick weight; 
experiment four. 
Source of variation d.f. He S • F 
Total 
Replicate 
Treatment 
Error 
9 
1 
4 
4 
30941 
153014 
7510 
4.120 
20.375** 
Treatment High Fiber 
Average weights0 1984 
p <r 0.05 
P< 0.01 
70$ 
2209 
Rest. Energy Rest. 
2302 
Protein 
2550 
Basal 
2658 
*Values not underlined by the same line were found to be different 
at the level indicated. 
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:bls 31. Analysis of variance and multiple range test of feed efficiencies; 
experiment four. 
Source of variation d.f. m.s. 
Total 
Replicate 
Treatment 
Error 
9 
1 
4 
4 
0.0281 
1.8392 
0.0324 
0.867 
56.765** 
Treatment 70$ Basal Rest. Protein Rest. Energy High Fiber 
Feed efficiency* 2.61 3*05 3*09 4.58 4.68 
P < 0.05 
P < 0.01 
*Values not underlined by the same line were found to be different 
at the level indicated. 
Table 32. Analysis of variance of serum cholesterol concentrations; 
experiment four. 
Source of variation d.f. m.s. F 
Total 9 
Replicate 1 3.00 0.009 
Treatment 4 390*75 1.159 
Error 4 337*00 
Table 33* Analysis of variance of systolic blood pressures; experiment 
four. 
Source of variation d.f. m.s. F 
Total 9 
Replicate 1 2073 6.079 
Treatment 4 361 1.059 
Error 4 341 
